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RATE OF COAGULATION OF OSOLS

LS. A.dbano' ov

/Fmbers fn perenthnses in the text refer to the bib"iog*aré:y.
Figures referred t3 are oppo: desy/ .

In a preceding wort (1) we pointed out the effect of the form of yerw . v ..
ticles on the stability of serosols. It was there proposed that the change
in form of the arboressent agyuregates of particles in an electric f£ield
under the action of fcreign vapors is caused by the change of form of the
nexrosol particies theugelves, as a resuld of vhich .he constant of +ha co-
agulation rate of thn aerosols may have various numerical velues.

The presant woik served to check the resuits obtained in the pravious
work on other systess, and it was intonded as a study of the relation of the
oonstant of the congulation rate of the aerosols during tranasition of aerosol
prarticles of leaf form into needle form, which most fully facilitates the
transfoi- to aeroscls of G. lyuller's (25 theoretical conclueion on the coag~
ulation of sols vwith particles of nomstherical form,

Experipentel Regalts

Wa have mroviously deseribed (1, 3) the metlod of obtaining seroocls
and foreign vayors, and the methods of determining the weight concentration
of asrosols, miesuring aerssol rorticles, and carrying on witramicroscoplo
researches and investigations of the foru of particle aggregates ir an elec-
tric £161d, vwhich permit the growth of erborescent particle aggregates and
their changen in fom to be fixed under a microseope. /Ses appended abstract
of bibliogreshy item 3;,7
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“  jeorowols of anthraquinone and nitrosodimethyleniline were chosen for
investigation, The latter's particles in clear air iake the form of leaves.
An aerosol with such a particle form was of greatest interest for owr in-
vestigations, oince there was the possibility of the particle eggregates
shanging not only into spherical bub alse into reedls form under the action .
of foreign varors. . .

~ The investigation of the growth of arborescent agzregates and their
formal changes in an electric fisld bave shown that ths form of the arbores-
cent aggregates can become spherical only under the action of wapors of
forign substances which are sclvents for the asrosol particles umder the
conditions given, e

The form of arborescent aggregabes of nitrosodimethylaniline tends
to be spharical under the action of chloroform, other, sulfuric acid, _
oleic acid, and phenol vapors (Figure 1, &, b [Photogreph, not reprodused/).

The form of arborescent aggrogates of amthraquinone alsc tends to
- sphericity 4n the presence of tolune snd sulphuric acid vapors,

liltyenicroscopic measursments of the coagulation rate of aseroscls
show @ good correspondence with the resulis of gtudying the growth of
arborescent aggregates and their changes in farm. .

Invsstigation of the coagulation rate of a nitrosodimethylaniiine
aeropol in chloroform, ether, sulphuric acid, oleic acid, and phencl vapors
ghowed that the coagulation rate of the aerosol is diminished in the proe--;
e08: of theee vapors (curve III, Figwe 2). The constant of the coag- . .. ...
wlation rate of an serosol, which determines the inclinution of the Hre,
grmcga the walue corresponding to Smolukhovakiy's theory in thic case

ai Y . L FREEINA

Investigation of hhe coaguiation rate of an anthraquinons usrovol in
tolusne vapors end sulpburic ecid vapors alro ehvws” a reduction of the
ocagulation rate of the aeroeol 4n the oresence ol these vapors yourve IIy i
Figure 3)3 the congtant of the coagulation rate approxiuates the theoretie | ..
cal value in this case as well (Table 1). R T

‘With the growth of nitrcsodimethylaniline aerosol aggregates In an .
oleotric field in the presence of ammonia vapors, the formation of aggre-
gates of arborescent form is also obsorved, but on the sidem of these ax-
gregates on ths surfece of the electyods, fine attenusted aggregates are
formed in the shape of hooks. The formation of these oggregates points
to the possibility of a change of arborescent aggregates to a longer form,

The study of the coagulation rate of a uitroscdimethyleniiine acrosol -
4n amwonsa vapors has shown that in these sases the coagulation rate in- -
creases considsrably with time (curve I, Figire 2) and the vaius of the
constent of the coagulation rate is considerably increased (Table 1), -

The wedght concentration of serosols in all the experiments was 25 ag -
per cum. Tho average radius o the particles was about 3,10~° cn. The
Wﬁmwﬁmﬁntmtmdawudeamc. The red~
nﬁvehmidityofﬂxeairﬁnthemaxﬂinthoeqzﬂmentdﬁmtmeed
30 percant. The twyancy of the foreign vapors shifted from 10~3 mn %o
aboat that of sgturated vapors.

'hmmmﬁmdfomdarbmmmwmthéfonoﬁm
fact should be moted. In clear air, within en electric fieid, arborescent
agcregates of a very Jifferent shape end sise are formed, in relation to the
physiral and chemicel propextiee of the substance from which the aerosol is
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formed. In the praesence of the voltape of tha electric field These arbores- = ;
cemt eggregates are very stable, but without the voltage thoy disintegrete
almost immediately. This is especislly easy %o cbserve in the caco of are
borescent aggregates forrmed from aerosels ol ammoniun chloride and stearic
acld. The swift disintegration of aerborescent aggregates in the ebsenco .
of an electric £leld points to tho absence of a stable bond between aerocol
_particlas (4). i

Evaluation of Resulta

The experimental data given bere and also thai obtained in the pra-:
wious work (1) permits the couclusion that foreign vapors: in the air cen
affect the coagulation rate of asérosols both positdvely and necatively,
Tho mechaniem and the causes remain to be explained, T

It is of covrse pogssible to assume, as cevtain authors have done i
(5, 65 7, 8, 9) that adsorption gas (vapor) filns are formed on the surface
of the aeroecl particles from forelgn vapors which are stably connested with
the asroscl particles by sorption capacities and vhich cen influenes :the
effectivensss of the collision of the particles, which in its twrn may lead
%o a vefuction in the rate of aerosol coagulation. It favors this effact
ginoe it takes place in protected scla. It should be recognized that with
the coagulaticn of snth-ecminone wnd nitrosordimethylansling acrosols in
eiloroformn, ether, sulfuric acid, sleic ecid, phemc?. and toluere vapors .
not 811 perticle collisions are effective, vhich contrsdicts the theory,. .
The constant of the aerosol cosgulation rate, obteinsd empirically, should
in this case haveo had a mumerical value less then the theoretical ensy in~ ..o .o
azmuch au the foreign substance vapors can interfare wi b iiws aiffectiveness .-
of the particle collisions. Actually, however, the dala we obtained from:
ths aerosols axperimentally in vapors of various substaices show a good ' : -
correspondence with Smolukhovakiy's theory. The valus of the cosguletion-
rata constant 3s close to the thacretical ore, snd the equation oy .oy
Kb, where o7 48 the dnitdal perticle velumc, o7 i the parsieie voluma: .
afier the lapse »f scme timc in tho existence of the eevomsl, t is the wime,
ané 3 is the coagulation-rate constant, remaine corveot throughout beth .- "
peries of oxperiments, condusted in the atmospherc as woll as in the pre- . '
senne of forelgn vepors, : Lo S BRI AN e

Tho absence of a otahlo connaction between gas (vaper) £ilme and the . -
aswrossl particles conflicts with the argument for the effectivenens of ad-
sorption £1Ims from foreign vapors upon the collision of particles. The i .
¥nown observations are in agreemont with this opinion, when the aerogol ... . .-
particlesd. not come dnto conmtact with hard or liquid surfaces (10} €uc to: .~
their mechanical envelormsnt Ly the eir, e

Pinally, the results of a series of experiments in which no +ffact of L
the £ilms from foreign vaposs upon the asrossl coagulation rate could be ..:.*
" found (11, 12) wore contxury to this proposition, L i

In owr work (3) wo did not observe any effects of phemol, oleic aold,
. glycernl, or water vapors upen the scrosol coagulation rate of stearic seid,
s or mineral-oil aerosols. Tho inorease we obtained in tha coagu- -
1stion rato of the mitroscdimethylaniline acrosol in emmonis vepors indicates
the baselesgnoss of such an assumption, o

Thus, according to our experiments thore are only two renaining fociors
from which changes could be oxpected in the aerosol coegulation rate of :
nitrosodivethylanilines (1) chenge in the electric charge of acrosol par- .
ticles, and (2) change of form of serosol perticles in the sorption of

3 -
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s dt 10 well kmovn-that the: olectrie. proporties:of agresols:nb- . =
teined at high and Yow temporatures are quite different (13). In owr expem- )
ments acrosols were cbtained at temperatures not cxceecding 290 degrees C. ‘

Ve therefors investigaied the coagulation of weally charged serosols, the
perticles of viich might obtain charges of both signa in the course of the
1ife of acrosols as & result of their adsorption of ilone in the disporsion
mediunm,

According to the data of Whitelow-Groy and Patterson in matural iond-

zation, the number of charged aciveol particles in weakly cherged aerosols = .
may reach 70 percent in the courue of time; but the authors did not suceced -
in these rescarches in discoverirg the affecta of e commom bipolar charge
of acrosols upen thelr coagulatisn rate. N, Fulke, Petryunov, and others

. {14=20) bave proved that only an intensivc charge of an aerosol can lower -l

© 1 ite stability to any appreciabln degreoj a moderate bipolar charge hes mo

- effoct, practically speeking, upon the stabiilty of aerosols, and cohse-

quently no offect is moted upor their coaguletion rate.

In the absonce in the latoratory of radiocactive and othor materials
vhich would produse an artifinial cherre in aerosols, tho empirdesl datu
given ‘above ahows a good corvespondenco with Smolukhovekiy*s theory; there-
foro, in ouwr experiments it :met be recognised that in the contacts of aero-
sol perticles they achere withoub regard to their charges.

A8 a result, the simplo proposition remains that the chengy in form
of the aerosol particlus i: their sorption of foreign vapors in the factor
aeffocting the coagulution rate of acrosols and that it appeared as a poed~
. tive and negative fuctor in tho change of tho coagulstion rate of eemso.s. ’

Shia explanation of tio resulis obta:lned i3 hased upon tha aasmpticn
that the chango of form of the particle aggrogates under the action cf fore
aign vapora is caunod by changes of form of the sams aercsol rurticles,. as
a vegult of whioh the sonstunt of tae serosel caogulation mts may have
various mmerical valmxn. e :

Thie sscoaption 1.9 not i.n aontrediction with tho thoury, n!\d tbe o
perinentel data obteinsd qualitatively ahd quambitatively. supports tho
fuotion of the changr of form of the aorosol partiele: in amanent nith

.. the asguned relationtiiip,

astally, in ths abssuce of foreign bodiss in the sloctiris ﬁeld ag= . .
grogates of arboreccent form appear on ihe lines of forco, duwwe to the mau‘, S
aparture in the cerler of une electrodo. The determined ooagw.st:bm rate
of gerosdile (enrvo'I,FiglmZ;mveI,FigmoB). !

In the prescrze of asresols of ¢hloroform, ather, sulphric ucid, BRI
oleie acid, phenol, and tolusne vapors well adscrbed by particles aggregautes . .. '
less than tho preceding in height are formed im the elecotric fleld and a - B
larger anmount of ¢eposited serosol particles is ebserved at the base of the a,
aggrogates, vhich )s an indication that here the arborescent aggragates :
tond toward an isciimensicoal form. In these cases, -in come part of the

""aerosol perticles laving a minimum radius; the structure of the crystels ' o
onﬂwmufaoeiawemdtoapoﬂntwhmthepnnieleammlongwbe
5oﬂ.ned togsther sid held in gpacs. :

¢« tha orystalline structure of the pnrticles in all ptobu-
bﬂ.ity leads to ‘leveling of the most ucute angles on the surface of tho
as s magull of which a decrease in the servsol cosguilation rate
zmn-ve III, Figure 2§ curve I, Figure 5). The docrosso of the nu-
w:!nalvalmcl the comstant of the asrosol coagulation rate and ths un-
prezch of its nagnitude to a vnlue consistent with Smolukhovekiy's thoory

-4-
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- elearly indicate ixet in those tazed the ' dorosol padbicles L ne? oTpblon: @i ks s
of foredgn vapors tend townrd a spherical form, -

The mechanism of the action of foreign vapors upon asrosol rardicles
in case of a change of anisodimensional perticles into spherical ones probh-
adly amounts to leveling of the mosh acute angles of the surface of . tho
particles, due to weekening of its erystalline stiucture.

In studying the changes in nitrosodimethylaniline particle aggregates
in the “resance of ammonis vapors in the center of an olectric fisld, the
seme formation of arborescent sggregates ip to bo observed. At the sides
of these aggregates on tho surface of the clectrode, where the 1lines of
Porce are less surved, Iine aggreogates aro formud supggesting the fcxm of -
hooks. The very fact of the formation, wnder the action of an clectric
field, of eggvregates in the shape of thin hooke shows that in this case
the form of arborescent aggregates under the influsnce of mmcnia vapors
tends Yo be anisodimensional,

Actmlly, as wltramicrvscopic researches have chowm, thete is to be
obgerved here a significant inecrease in the aerceol sosguletiosn rate {eurve
I, Figms 2). The constant of the acrosol coagulation rate of nitroso-
ina in this case is increased by two and & half times in com~
pardson vith ite theoretical valus (Table 1). -

) The increase in the acrosol cosgulation rate in ammonia vapors is
also to be oxplained by Hyullerts (2} thecry, which specifiss that the
coagulation of particles of monspherical form always procedds fester than'
the coagulation of spherical particles. It follows from this that in thoe
coagulation of the nitrvsodimethylaniline serosol in the presemco. of am- v
-1 mia vapors tho form of the aerosol particles changes from discs to needle.::
1ike shapes. This agrecs clogsely with the invaatigationa of aggregatea R
in an olect.ric f‘leld.

" The problam of the mechnni of chnngo '1n form of asrosol pax’tic.lea RS
roquires further inmvestigation, Howgvor, weo iay assume that the insresce .. 0.
in the cosgulation rate of the nitrosodimethylaniline acrosol in the rre- . .
sence of ammonla vapors is caused by the formation of needlellke ecryotals ..ol
on the murface of the perticles, which:also tends' to inoreass the radiua of '_
bpeir-sphere of 1nflusnce. .. Ty

) “Caa tho besis of the axporimental resuits obtai.xe& Yio may assars” that
the jvansition of seroeol perticles from the form of yods te spheres, as Tl
val us the change from discoid (leaflets) to ncedle forn uidsr the Anflu= '
anse of foreign vapors cleorly shows the rels tionship of tho coagulation.
rato conetent to the form of the acrosol perticles.

4% this point it would probably be appropriate to interrret the re-

suits obtained by L. V. Radushkevich (21), who obteined & change of the
nt of the aerosol coaguletion rato of emmonivm chloride from 0.26
*10™" oofminute to 0.54°107' co/minute. In his exporiments the humiddty =~
in the room in vhich ¢the aerosols wero rormed, unfortunately, was not Tep-
ulated and recordsd. Undoubtedly, over the poriod of his exper!nents ’
which were continusd for more then a momth, the relative humidity in tne :
roon varied {5 a cvasiderable degrov, and as & result the author obtained
an ammonium chloride acrosol with a differcnt form of perticles of dif-
farent effsotive radins, which produced di.f'farent mmericel valuss foir tho
) amsol«ooagulatinn—ratu constant,

The samo obsezmaticn probably applies %o the experimemts of the Fogliel
suthors Yhitelow-Grey end Fattarsen (22), who obvained values for tho
stant of the aerozcl coagulation rato i ammonitm ehloride from 0.31+107

to 0.47-10'7cc/m1nuto
-5
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Our experdments have shown that in studying the coapulation of serosols .
‘with anisodimensionul particIés, the form of the rarticle must be econsidered.
In these cases, in Smolukhovakiy's constant of the coagulation rate, in ad-
ditdon to the corrections for the polydispersion of the meroscl &nd for the
mobility of the partieles, a correction must also be made for the form of
the particles. This correction obviously cemot be overlooked, as in some
cagsp 4t can increass the numericsl valwy of the conmstant of the aerogol
coagulation rate by 250 percemt.

hwmn,lm%mwmpamwhtmucommnding

Hember of the Acedeny of Sciemces of the USSR B. V. Deryagin for his valun-
ble advice and diseussion of results; :

gogolusionn

1, Ths relation of the consiant of the aerosol coagulatien ra‘e to the
form of the aerocsol perticles is established. With the change of particies
of disoold form (leaflsts) to ¢ meedlelike form the constant of the aerosol
coagulation rate increasrs in accordance with Myuller's theery of the coagu~
lation of sols with particles of morspherical form. When the aermaol parti-~
oles assume a spherical form, the constant cf the aercsol coagulaticn rate
docreases and approachss a value consigtent with Smoluthovokiy's theory.

2. The obtained relation of the censtant of the aercmel cosgulation
rate to the form of tho particles explaine these experimentsl data, whem nith
a airgla woight exncentration of the acrosol end the ssme radius of the par-
ticles, different xumerical values ave obtained for the constant of tho aero- -
8ol onagulation rate. Cnm e
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Pigure 2. Nitrosodimethylanaline Coagulation Curves

The time in mimites is plotted on the axis of the sbscisase and the
rartiole volumes on the axis of the ordimates. Curve I ie in Wi, vapor,
ourve Il in the absance of foreign vapors, and ourve III in cm13, cl’nmo,

R SO csnsaz, and 01.753 mbvapors.
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.
&
2

0 aa‘ 765750 fnrm
Pigure 3. Amthraquinone Coagulation Curves '

The time in mimites is plotted on the axis of the ebacissae and the
portiole volmmes on the axis of the ordSnates. Curve I 4= in the absence
of foreign vapors, and ourve II is in Cpilg and H,80, vapors,

Tahle ¥, . The Oonstant (X) of the Aeromol Coagiulation Rats
. (in cublo centineters per mimmie) ' :
Bitypsodivethylaniline m'mm
7 . -7
0.210 0.30x10

0.20210~7

0.48x20°7
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" 'The viluse of K wore calenlated by the formula,
» 2RTS s l )
3IHN (/* g
wirze R e the gas constant, T is the absolute temperature,”? is
th: viscosity of the dispersion mediwm, N is Avogadro's mmber, A

ir. the oonetant,):le the average length of the path of the gas mole-
cile, and r is the radius of the perticles. : .

AEPENDIX

I, {. Artemov, "BEffect of Forelgn Vapors on the Coagulation of Asrosols,”
Zygs Fiz, Kudm,, Vol XX, 1946, pp 553-560

[iostract/

vapors have no effect on the rate of coagulation. Conjrary
1iterature are due to errors of technique, Miste of mimeral oil,
acid, and purified raraffin were 2
g Thedr averege particie redius was 10 and the ocorcemtra-
i 25 mgfeu n, The progress of coagulation was followsd by counting
o8 in derk-Pield 11llumination, No mewsurable sedimtation took
expariments, which were extended for up to 3 hours. ‘the
mmber, n, wag produced solely by formation of
goveral amall ones. The magnitude §i increaged linear-
in the ratio of 4:1 when t rose from 20 to 100
orease depended very litile on the substance dia-
. ected by vapors of phenol, oleic scid, glycerol, end
The tion of tho vapor in the mist was varisd Crom 0.5 .
almost %o setuvation. Tie alleged proofe for the axistencs of thick : -
lryars on aoroiol perticles ure edvarsaly critiniged, }
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